Magnoliae Officinalis Cortex (MOC) is a commonly used traditional Chinese herbal medicine, which is always preliminarily processed by "sweating". To explore the effects of primary processing on chemical constituents in MOC and the potential chemical markers for differentiating the samples processed by "sweating" and "non sweating", a method is proposed based on ultra fast liquid chromatography-triple quadrupole-time of flight mass spectrometry (UFLCTriple TOF MS/MS) and gas chromatography-triple quadrupole mass spectrometry (GC-MS/MS) coupled with multivariate statistical analysis. The obtained data were analyzed by principal component analysis and partial least-squares discriminant analysis. The nonvolatile constituents were identified according to MS accurate mass and MS/MS spectrometry fragmentation information, combined with the software of database search and literatures comparison. The volatile constituents were identified according to the NIST05 library and literatures. All of the results demonstrated that the chemical constituents in MOC samples processed by "sweating" and "non sweating" were clearly distinguished. Seventeen nonvolatile differential constituents and five volatile differential constituents were identified and presented in different change laws. This study will provide the basic information for revealing the difference of chemical constituents in MOC processed by "sweating" and "non sweating" and comprehensive evaluation of its quality. Primary processing of MOC is an important link which closely relates to the quality of products in this TCM [17] . According to the Chinese Pharmacopoeia (2015), MOC needs to be processed by "sweating" methods. However, during the process of practical production, there were many kinds of processing methods such as "sweating", natural drying and oven drying. Due to the difference of "sweating" and "non sweating" processing methods during primary processing, the variation of effective constituents contained in this TCM is large [18] [19] [20] [21] , and its quality and pharmacological effect are uneven [22, 23] . It is difficult to implement commodity standardization of medicinal materials and to ensure the effectiveness of its clinical application. Thus, the key to manufacturing procedure of MOC is how to ensure its high and uniform quality.
Magnoliae Officinalis Cortex (MOC, Houpo in Chinese), derived from the dried stem bark, root bark or branch bark of Magnolia officinalis Rehd. et Wils. and Magnolia officinalis Rehd. et Wils. var. biloba Rehd. et Wils., is a commonly used traditional Chinese medicine (TCM) for its excellent therapeutic effects on eliminating dampness and phlegm, promoting qi and removing distention, and is officially documented in Chinese Pharmacopoeia [1] . Phytochemical investigations have revealed that MOC mainly contains various constituents, such as lignans, alkaloids, phenylethanoid glycosides, phenolic glycosides, and volatile oils [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Modern pharmacological studies have demonstrated that these constituents contained in MOC could exhibit multiple efficacious and reliable bioactivities, such as inhibiting proliferation and apoptosis in many kinds of cancerous cells [12] , promoting digest activity [13] , protecting the liver [14] , preventing alzheimer's disease [15] and having antibacterial activity against Staphylococcus aureus [16] , which contribute to the broad therapeutic effects of MOC.
Primary processing of MOC is an important link which closely relates to the quality of products in this TCM [17] . According to the Chinese Pharmacopoeia (2015), MOC needs to be processed by "sweating" methods. However, during the process of practical production, there were many kinds of processing methods such as "sweating", natural drying and oven drying. Due to the difference of "sweating" and "non sweating" processing methods during primary processing, the variation of effective constituents contained in this TCM is large [18] [19] [20] [21] , and its quality and pharmacological effect are uneven [22, 23] . It is difficult to implement commodity standardization of medicinal materials and to ensure the effectiveness of its clinical application. Thus, the key to manufacturing procedure of MOC is how to ensure its high and uniform quality.
To date, the quality evaluation of MOC was mostly concentrated on the determination of index ingredients (magnolol and honokiol), fingerprint analysis and identification of volatile constituents in this TCM. Much less attention has been paid to the overall changes of chemical constituents or the differential chemical constituents in MOC processed by different methods, which makes it difficult to conduct a comprehensive evaluation of medicinal quality.
The aim of this paper is to explore the effects of primary processing on chemical constituents in MOC and the potential chemical markers for differentiating the samples processed by "sweating" and "non sweating". The difference of chemical constituents in MOC samples processed by "sweating" and "non sweating" was analyzed by using ultra fast liquid chromatography-triple quadrupole-time of flight mass spectrometry (UFLC-Triple TOF-MS/MS) and gas chromatography-triple quadrupole mass spectrometry (GC-MS/MS) coupled with principal component analysis (PCA) and partial least squares discriminant analysis (PLS-DA). The analysis results showed that the chemical constituents in MOC samples processed by "sweating" and "non sweating" were clearly distinguished. Seventeen nonvolatile differential constituents and five volatile differential constituents were identified and presented in different change laws. This study will provide the basic information for revealing the difference of chemical constituents in MOC processed by "sweating" and "non sweating" and comprehensive evaluation of its quality.
The base peak chromatogram (BPC) obtained from the analysis in a negative ion mode of UFLC-Triple TOF-MS/MS is shown in Figure 1 . To evaluate the differences in chemical nonvolatile composition of MOC samples processed by "sweating" and "non sweating", a principal component analysis was performed. PCA is an unsupervised clustering method requiring no prior knowledge of the data set that condenses the multivariate data into a reduced number of variables called principal components that describe the greatest amount of variance. PCA was initially to visualize general clustering, trends, and outliers among the observations. Meancentered and pareto scaling mathematical methods were performed to pretreat the above samples. Mean centering is used to calculate the average spectrum of the dataset and subtract the average from each spectrum. Pareto scaling weights each variable by the square root of its SD, which amplifies the contribution of lower concentration metabolites but not to such an extent where noise produces a large contribution [24] [25] [26] [27] [28] [29] .
The PCA scores plot in Figure 2 could be readily categorized into two groups: "sweating" MOC samples and "non sweating" MOC samples. "Sweating" MOC samples were mostly in PC1 negative axis; however, "non sweating" MOC samples were mostly located in PC1 positive axis. The first two principal components (PC1 and PC2) with >70% of the whole variance were extracted for analysis. Among them, PC1 and PC2 accounted for 59.4% and 13.6% of the total variance, respectively. The results of model validation (R 2 X = 0.81, Q 2 = 0.65) indicated that the model was stable with strong ability of predict. This demonstrated that nonvolatile chemical compositions of MOC samples processed by "sweating" and "non sweating" showed significant differences. For further identifying the differences in the MOC samples processed by "sweating" and "non sweating", a more sophisticated PLS-DA was carried out on the the above samples. PLS-DA was used for multivariate pattern recognition analysis and supervised pattern recognition methods to examine intrinsic variation within the sample set [30] . After Pareto scaling with mean-centering, the data were displayed as scores (t i ) in a coordinate system of latent variables, which resulted from the above samples.
In the PLS-DA scores plot (Figure 3a) , each coordinate represents a sample, and it could be observed that determined samples were clearly divided into two clusters: "sweating" MOC samples and "non sweating" MOC samples. The model performance ( R 2 Y = 0.99 and Q 2 = 0.98) indicates that it has highly explained variance and crossvalidated predictive capability. In order to find out the constituents contributing to the differences "sweating" MOC samples and "non sweating" MOC samples, extended statistical analysis was used to plot VIP scores (Figure 3b) . VIP values were used to reflect the importance of variables in the model with respect to correlation with all responses and projections, which were used to describe the contribution of variables, usually using VIP> 1 as the feature variable [24, 31] . There were 64 features were found with VIP values > 1. Under the present chromatographic and MS condition, a total of twenty-nine differential chemical constituents with VIP> 1 and P <0.05 were screened out from non-volatile constituents and seventeen of them were identified or tentative presumed according to MS accurate mass and MS/MS spectrometry fragmentation information, combined with the software of database search, comparison with reference standards and the literature. The mass error of all assigned constituents was less than 5 ppm by comparing the empirical molecular formulas with those of the published constituents of MOC. The quantities of the samples were represented by the peak intensity values of common differential chemical constituents. The details of constituents were summarized ( Table 1 ).
The total ion chromatogram (TIC) of GC-MS/MS obtained from the analysis is shown in Figure 4 . To evaluate the differences in volatile chemical composition of MOC samples processed by "sweating" and "non sweating", a principal component analysis was performed. It can be observed from Figure 5 that the MOC samples processed by "sweating" and "non sweating" showed a clear class distribution, in which 74.5% variances (PC1: 63.8%; PC2: 10.7%) were explained by the first two principal components. The results of model validation (R 2 X = 0.99, Q 2 = 0.97) indicated that the model was stable with strong ability of predict. "Sweating" MOC samples were mostly in PC1 negative axis; however, "non sweating" MOC samples were mostly located in PC1 positive axis. This demonstrated that volatile chemical compositions of MOC samples processed by "sweating" and "non sweating" showed significant differences. Figure 6 . A total of 16 features were found with VIP values larger than 1.0 which was regarded as the constituents that contributed most significantly to the categorization of MOC samples processed by "sweating" and "non sweating". Under the present chromatographic and MS condition, five differential chemical constituents with VIP> 1 and P <0.05 were screened out from volatile constituents, and were identified by comparing mass spectra with Technology mass spectral library (National Institute of Standards and Technology (NIST) MS search ). The details of constituents were summarized in Table 2 . In this study, a method based on UFLC-Triple TOF MS/MS and GC-MS/MS coupled with multivariate statistical analysis was developed to analyze the difference of chemical constituents in the MOC samples processed by "sweating" and "non sweating". The obtained data were analyzed by PCA and PLS-DA. All of the results demonstrated that the chemical constituents in MOC samples processed by "sweating" and "non sweating" were clearly distinguished. Seventeen nonvolatile differential constituents and five volatile differential constituents were identified and presented in different change laws. This study will provide basic information for revealing the difference of chemical constituents in MOC processed by "sweating" and "non sweating" and comprehensive evaluation of its quality. 
Experimental
Reagents and materials: Acetonitrile, n-hexane, and methanol of HPLC grade were purchased from Merck (Damstadt, Germany). All aqueous solutions were prepared with ultrapure water produced by a Milli-Q water purification system (Millipore, Bedford, MA, USA).
MOC samples were collected from Zunyi in Guizhou Province, China in June 2016. The botanical origins of the materials were identified as the stem bark of Magnolia officinalis Rehd. et Wils. by Professor X.L. (Department for Authentication of Chinese Medicines, Nanjing University of Chinese Medicine, China), and the voucher specimens were deposited at the Herbarium in Nanjing University of Chinese Medicine, China. The samples were divided into nine samples that needed to be processed by "non sweating" motheds such as shadow drying (samples were dried in a cool and dry place at approx), 55°C oven drying and 50°C vacuum drying, and twelve samples that needed to be processed by "sweating" with different conditions. The procedure of "sweating" was that MOC was slightly decocted in boiling water or steamed; then put MOC into the black bag or piled up in a wet place with straw covering until its purplish-brown or dark brown inner surface; then take out the MOC from the black bag or straw, dry to totally dried. The details of 21 batches of samples processed by different methods and "sweating" conditions were summarized in Table 3 . No.
Processed Method "Sweating" conditions S 1 -S 3 shadow drying -S 4 -S 6 55°C oven drying -S 7 -S 9 50°C vacuum drying -S10-S12 "Sweating" slightly decocted in boiling water and piled up in a wet place with straw covering S13-S15 "Sweating" slightly steamed and piled up in a wet place with straw covering S16-S18 "Sweating" slightly steamed and put them into the black bag S19-S21 "Sweating" slightly decocted in boiling water and put them into the black bag Preparation of sample solutions: A dried sample was pulverzed and sieved (40 mesh). 1.0 g powder, accurately weighed, was sonicated (250 W, 50 KHz, 30°C) with 40 mL methanol for 20 min in a 100 mL glass-stoppered conical flask. Solvent was added after extraction if there was any weight loss. The sample solutions were centrifuged at 12,000 rpm for 10 min and subsequently filtered through a 0.22 μm membrane filter. The supernatant was stored (4°C) at a sample plate before injection into the UFLC System for analysis.
50 g of sample (smashed) was swollen with 500 mL of ultrapure water in advance at room temperature for 12 h, using a standard apparatus for extracting volatile oil according to the steam distillation method described in the Chinese pharmacopoeia. Essential oil samples were prepared by ultrapure water for 5 h until the oil quantity in the extractor did not increase. The obtained essential oil was recovered with n-hexane, dried over anhydrous sodium sulphate until the last traces of water were removed and finally stored in the dark glass bottle at 4°C prior to GC-MS/MS analysis.
UFLC-Triple TOF-MS/MS:
Chromatographic separation was carried out using an UFLC system (SHIMADZU Corp., Kyoto, Japan) interfaced with Triple-TOF/MS equipped with electrospray ionization (ESI) source. A SynergiTM Hydro-RP 100 Å colum (100 mm×2.0 mm, 2.5 μm, Phenomenex, USA) was used for all the analyses. The mobile phase was composed of A (acetonitrile ) and B (0.1% formic acid, v/v) with gradient elution: 0-10 min, 5-70%
A; 10-12 min, 70-70% A; 12-15 min, 70-100% A, 15-17 min, 100-100% A; 17-17.1 min, 100-5% A; 17.1-23 min, 5-5% A. The flow rate was 0.3 mL/min. The column was maintained 30°C and the injection volume was 5μL. The Triple-TOF mass spectrometer was operated in negative ion mode. The total ion chromatogram was acquired using the following operating parameters: a capillary voltage of −4500 V, a nebulizer pressure of 50 psi, a drying gas pressure of 50 psi, a curtain gas pressure of 40 psi, a source temperature of 550°C, a declustering potential of −100 eV, and a collision energy of −10 eV. Centroided data were acquired for each sample from 50 to 1,500 Da and dynamic range enhancement was applied throughout the MS experiment to ensure accurate mass measurement.
GC-MS/MS:
Chromatography separation was performed using an Agilent 7890B-7000C GC-MS with an Agilent HP-1MS capillary column (30 m × 250 μm, 0.25μm film thickness). Helium is used as the carrier gas, the front inlet purge flow is 1.0 mL/min. The initial temperature is kept at 60°C, and then raised to 150°C at a rate of 4°C/min, then kept for 10 min at 150°C. The injection, mass quadrupole, and ion source temperatures are 250°C, 150°C, and 230°C, respectively. Splitting ratio was 15:1. Electron impact mass spectra were taken at 70 eV, standard electronic impact. Scan mode was accepted from m/z 50 to 550 Da. The detector voltage was 1137 V.
Chemometric data analysis:
The raw UFLC-Triple TOF-MS/MS data and chromatograms were fisrt processed by Markerview 1.2.1 software. Through the analysis of the multistage tandem mass spectrometry, the characteristic peaks were extracted with mass spectrometry data peak matching, peak alignment and noise filtering. For data collection, the method parameters used were retention time (t R ) range at 0.5-23 min and mass range at 50-1,500 Da with a mass tolerance of 0.05 Da. The parameter of peak-topeak baseline noise was automatically calculated. For the collection parameters, intensity threshold was set at 10 counts, mass window 0.05 Da, and t R window 0.1 min. Isotopic peaks were excluded for analysis and noise elimination level was set 100. For data analysis, a list of the intensities of the peaks detected was generated using retention time (t R ) and mass data (m/z) pairs as the identifier of each peak. The ions that showed the same t R (with a tolerance of 0.1 min) and m/z value (with a tolerance of 0.05 Da) in different samples were considered as the same ion. Then the resulting threedimensional data containing peak name (t R -m/z pair), sample name and peak intensities was futher exported to SIMCA-P software (Version 13.0, Umetrics AB, Umea, Sweden) for multivariate statistical analyses. Multivariate statistical analyses included PCA, PLS-DA and VIP scores plot. The GC-MS/MS raw data were analyzed using XCMS ONLINE (http://xcmsonline.scripps.edu/) such as peak alignment, peak matching, and noise filtering. The results including the median of retention times of peaks in extracted ion chromatogram (EIC), median m/z, and area of each specific peak in each sample were imported into EXCEL for area normalization. The normalized data was further imported into SIMCA-P software (Version 13.0, Umetrics AB, Umea, Sweden) for multivariate statistical analysis.
